Background The complications of intraperitoneal onlay mesh repair for ventral hernia has favored sublay mesh placement like open Rives-Stoppa repair (ORS). There was a need for low-cost laparoscopic trans-abdominal repair using a polypropylene mesh (PPM) with sublay, midline closure and addition of posterior component separation (PCS) by transversus abdominis release (TAR). Methods The techniques used three or six operating ports with triangulation. After adhesiolysis, a transverse incision was made on the peritoneum (P) and posterior rectus sheath (PRS). The retromuscular space was developed by raising a P-PRS flap. Midline closure was performed with No. 1 polydioxanone, and a PPM was placed in sublay, followed by closure of defect and P-PRS incision. For large hernias with divarication; myo-fascial medialization using PCS-TAR aided low-tension midline closure. Results Eighty-nine patients were operated from 2010 to 2019, 26 primary ventral; 63 incisional; and 22 recurrent hernias. Of the primary, 21 were umbilical, one Spigelian and four epigastric hernias. The incisional group had 57 patients with lower midline scars (C-section 25, open tubal ligation 15, abdominal hysterectomy 17), five lateral (appendicectomy), one post-laparotomy. The mean age, male/female sex ratio and BMI were 41.23 years, 1:10.1 and 29.2 kg/m 2 , respectively. Mean defect and mesh area were 110 cm 2 and 392 cm 2 . Mean operating time was 192 min.
Introduction
The complications of intraperitoneal onlay mesh (IPOM) repair for ventral hernias have favored sublay mesh placement like the open Rives-Stoppa repair (ORS) [1] . Midline closure has been recommended for restoration of the biomechanics of the abdominal wall [2] . Based on these concepts, several techniques have been developed; like trans-peritoneal sublay [3] and trans-extra-peritoneal (eTEP) repair [4] . The latter additionally combined midline closure and posterior component separation (PCS). There was however, a need for a low-cost laparoscopic (transabdominal) repair using a polypropylene mesh (PPM) with Presented sublay, midline closure [2] and the optional addition of PCS by transversus abdominis release (TAR) [5] . This study was aimed at developing this technique using a familiar and ergonomic port geometry.
Surgical techniques
Patients with uncomplicated ventral hernias were included. All patients were operated under general anesthesia, in a modified lithotomy position. A urinary catheter and a nasogastric tube were passed. A high-definition camera system and two monitors were used ( Fig. 1 ). Peritoneal access was via open Hasson's technique using a 10-mm trocar. The operation table was flexed for wider instrument manipulation angles. Based on location, size of hernia and associated rectus abdominis divarication, three techniques were developed as follows.
Technique 1: Three-port TARM (Figs. 1, 2)
This technique was devised for supra-umbilical, infraumbilical and lateral hernias. Three trocars were used: one 10 mm and for telescope and two 5-mm trocars as working ports ( Fig. 1 , labeled T1, W1 and W2) placed in the upper abdomen for infra-umbilical and lateral hernias; and in the lower abdomen ( Fig. 3 , labeled T2, W3 and W4) for epigastric hernias, respectively.
Working ports were placed medial to the linea semilunaris (LS), preoperatively marked by ultrasonography.
After adhesiolysis and reduction of contents of the hernial sac, the defect was assessed. Using electrosurgery or harmonic scalpel, a 6-8 cm long transverse incision was made on the peritoneum (P) and posterior rectus sheath (PRS), underlying the rectus abdominis muscle, 5-6 cm proximal to the defect. The retromuscular space was developed by raising a flap of P-PRS, 8 cm beyond the hernial defect, with careful preservation of epigastric vessels, neurovascular bundles at the LS and linea alba (LA). The intra-abdominal pressure was then reduced to 8 mm Hg. Midline closure [2] was performed with a running suture of No. 1 polydioxanone (PDS) passing through rectus abdominis muscles, anterior rectus sheath and LA. A medium-weight microporous PPM with wide overlap was parked into the retromuscular space. The hernial defect and initial P-PRS incision were closed using No. 0 PDS, followed by desufflation and port closure. This technique was devised to repair large hernias, particularly umbilical, para-umbilical, multiple defects and divarication of recti. Six ports were used to raise two P-PRS flaps. The first trocar was inserted into the epigastrium with two 5 mm working ports (Fig 1 labeled T1 , W1 and W2) medial to LS. A transverse incision was made on the P-PRS, midway between the xiphisternum and symphysis pubis. The retro-rectus space was developed inferiorly till the symphysis pubis and laterally till the LS. Three more ports were inserted into the lower abdomen to lie in the retromuscular space ( Fig. 3 labeled T2, W3 and W4): one 10-mm camera port in the supra-pubic area and two 5-mm working ports. The telescope was then shifted to the supra-pubic port. With the surgeon standing between the patient's legs, an upper flap of P-PRS was mobilized till the level of the xiphisternum. The initially inserted three trocars were withdrawn into the retromuscular space. The intra-abdominal pressure was reduced to 8 mm Hg, followed by closure of defects and the initial transverse incision on P-PRS ( Fig. 5 ) with running suture of PDS. The defect in the anterior sheath, midline and divarication was approximated (Fig. 6 ).
Finally, a PPM of maximum size (usually 15 9 30 or 20 9 30 cm) was inserted. It was spread out between one LS and the other and from xiphisternum to pubic symphysis ( Fig. 8) , without fixation, to achieve complete reinforcement of the visceral sac like ORS [1] .
Technique 3: TARM-TAR: addition of transversus abdominis release (TAR) [5] to one of the above This technique was devised for large hernias with wide divarication, or when midline closure was under tension as observed during intra-operative assessment. PCS by TAR was added to either of the previous techniques providing myo-fascial release. The transversus abdominis (TA) muscle fibers were identified in the upper abdomen inserting into the PRS medial to the LS. The muscle was incised ( Fig 7) followed by dissection into the pre-peritoneal space, to provide reduced tension for midline closure. Next, a 30 9 30 cm PPM was parked into the retromuscular space. A second 15 9 15 cm mesh was placed in the lower abdomen in diamond-shaped orientation, to form a mesh ''home plate.'' Dilute gentamicin was sprayed to prevent mesh infection. Suction drains were placed over the mesh, and compression dressings were applied to reduce seroma formation.
Results
Eighty-nine patients with uncomplicated hernias were operated from February 2010 to February 2019. Twentysix primary ventral, 63 incisional and 22 recurrent hernias were treated. Of the primary, 21 were umbilical, one Spigelian and four epigastric hernias. In the incisional group, 57 were of lower midline scars (LSCS 25, open tubal ligation 15, abdominal hysterectomy 17), five lateral (appendectomy scars) and one lower midline laparotomy incision. The mean age, male/female sex ratio and BMI were 41.23 years, 1:10.1 and 29.2 kg/m 2 , respectively.
Mean defect area was 110 cm 2 (range 176-12), and mesh area was 392 cm 2 . The mean operating time, blood loss and length of stay were 192 min, 35.2 ml and 5 days, respectively. Three were converted (3.4%) to ORS due to dense bowel adhesions. Technique-wise case distribution was 47, 35 and 7 for three-port TARM, six-port TARM and TARM-TAR, respectively.
One mesh infection (1.1%) presented at 20 days postdischarge and was treated by explantation. The hernia recurred after 6 months and was treated by ORS. A mean follow-up of 58.71 (range 108 to 4) months revealed five late recurrences (5.62%) for lower abdominal incisional hernias, in the three-port TARM group. Laparoscopy revealed P-PRS suture-line disruption at the caudal border of mesh, where the divarication had remained unrepaired and unsupported by mesh. All were treated by ORS. No recurrence was noted in the six-port or TARM-TAR group owing to extensive mesh cover. Three patients successfully underwent laparoscopy for other pathologies (one hysterectomy and two appendectomy); and revealed unhindered peritoneal access, favorable mesh integration, with only minimal omental adhesions.
Comments
Laparoscopic TARM using PPM was found to be effective for repairing small, medium and selected large hernias. Sublay mesh placement avoided mesh-bowel contact. Midline closure and PCS-TAR [5] were added within the same port positions. The latter resembles the port geometry of trans-abdominal pre-peritoneal (TAPP) repair for inguinal hernia, and is familiar to most surgeons. The larger working space and clear anatomy provide easy understanding and reproducibility. Standard laparoscopic instrumentation was used. Intraperitoneal composite meshes, balloon dissectors [4] and robotic arms were not needed. Further cost reduction could be achieved by using electrosurgical dissection instead of harmonic scalpel. The approximate cost comparison (local prices in US Dollars) for disposables, viz. 15 9 15 cm mesh?fixation devices?sutures; for IPOM, eTEP, TARM (using electrosurgery) and ORS is 685, 305, 81 and 75 respectively. As regards cost of disposables, TARM is marginally more expensive than ORS. Midline closure ensured restoration of biomechanics of the abdominal wall [2] . Myo-fascial medialization for low-tension closure could be achieved via PCS-TAR [5] within the same ports. With outcomes comparable with ORS, these results support further evaluation of the technique in a large multicenter trial.
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